Abstract
Background
Since the early 1970's oil price shocks have been a major concern of the policy makers around the world because of their adverse impacts, particularly, for the net oil-importing economies. In general, rising oil prices lead to deteriorating trade and fiscal balances, and generate inflation pressures which in turn reduce the nation's competitiveness (Bielecki, 2002) .
Oil price volatility leads to investment uncertainty and raises the associated project costs affecting economic growth. Therefore, any strategy for ensuring energy security must also address oil price volatility through adopting structural measures and use of the financial instruments (Bacon and Kojima, 2008; Yépez-García and Dana, 2012) .
Given the critical role of oil, many oil importing countries, like Pakistan, have sought to achieve import expenditure stabilization through International Commodity Agreements with exporting countries. These agreements have, however, not performed as expected and many have been abandoned. Other methods such as stabilization funds, contingent financing and import diversification have also not been successful in stabilizing import expenditure. An alternative approach to stabilizing import expenditure is to use market based risk management tools such as futures hedging. Though futures hedging does not protect from a long-term secular increase in oil prices, they can be effective in managing short-term price risk. This approach in mitigating a country's vulnerability to oil price risk utilizes the risk hedging instruments traded in the financial markets or the over-the counter markets contracts (Wu and Cavallo, 2012) .
Using futures markets for hedging price risk is an established practice in business, but not widely used by governmental agencies, particularly in the oil importing developing countries (Devlin and Sheridan, 2004; Satyanarayan, 1997 ,and Satyanarayan et al., 1993 . Daniel (2001) and Hotz and Unterschultz (2001) address issues in hedging risks at the national level. Claessens and Varangis (1995) noted, however, that since the first Gulf war, countries like Mexico, Brazil and Chile are regular users of the oil derivatives markets, and reported that, -the New York Mercantile Exchange (NYMEX) estimates that developing countries are increasingly holding a higher percentage of the total open interest in crude oil futures.‖ The objective of this paper is to assess the risk management prospects for hedging Pakistan's exposure to oil price risk by evaluating risk hedging strategies using oil futures. We employ a portfolio model of hedging to evaluate the costs and benefits of different hedging strategies over 1990-2013 by simulating hedges on an annual basis. We show that there are effective risk reducing strategies available to Pakistan that would reduce the variance of price of imported oil over time. While these strategies may necessitate foregoing unexpected gains, or incurring hedging cost, they would prevent unanticipated short run losses. We provide estimates of the costs and benefits of different hedging strategies that may aid in policy formulation.
Since the energy sector deregulation and emergence of markets in energy products, the significance of energy price risk management has increased manifold. There has been a considerable amount of work done in the development of risk assessment models. For example, Fan et al. (2008) , Cabedoa and Moya (2003) , He et al. (2011 ), Huang, et al. (2007 , Hung et al. (2008) , Marimoutou et al. (2009) and Žiković (2011) have extended risk assessment using Extreme Value Theory. However, there are relatively fewer studies on the application of advanced risk model, especially in developing countries, such as Pakistan, which pose special challenges.
Pakistan's energy sector is heavily dependent on imported oil and related products, and therefore, is highly exposed to oil price volatility. Country's exchange rate is also closely linked to oil prices, which exacerbates country's vulnerability. In addition, the dynamic processes underling the oil prices in local currency return are characterized by spikes and extreme values, and may also not be stable due to frequent structural shifts in the institutional and regulatory environment. In general, the nature of oil price exposure would be specific to each country, and it would be instructional to examine and document it for Pakistan's policy development.
There have been a number of academic studies drawing attention to the link between the Pakistan's energy sector and economic growth. Ansar and Asghar (2013) show that there is a positive relationship among oil price, CPI and the KSE-100 Index. Basher and Sadorsky, (2006) find strong evidence that oil price risk impacts stock price returns in emerging markets, including Pakistan. Malik (2008) points out that Pakistan's dependence on imported fuels is expected to increase even further in future given the depleting gas resources which will have a negative impact on Pakistan's foreign reserves. Ghayur (2007) proposes a new energy modeling process, -Decube Framework,‖ designed to help the policy and decision makers by forecasting future energy demands and then assisting them in drafting a plan for energy supplies. It then takes them towards developing a policy and finally an action plan. Siddiqui (2004) focuses on the issue of causality between energy use and economic growth and shows that energy expansion is expected to lead to higher growth and its shortage may retard the growth process. Malik, (2010) finds that oil prices and output are found to be strongly related, and to a great extent this relationship is non-linear. However, the important issue of hedging in Pakistan has been largely unexplored; this paper seeks to fill this gap.
Pakistan's Oil Exposure
The volatility of the world oil market since the OPEC oil price shocks of the 1970s has exposed the oil import dependent countries like Pakistan to a considerable degree of macroeconomic risk. The country since its birth in 1947 has been importing crude oil, however, over the last decade, the oil sector has emerged as the country's Achilles' heel. Table 1 presents some summary statistics on the role of oil in the Pakistan economy to underscore its critical position in the Pakistan's economy. Over the last ten years, the oil imports have increased from 2.7% of the GDP in constant 2005 US$ to about 9%, and from about 2% of the country's GDP in current US$ to about 6% in recent years. More importantly, from the early 2000s, oil import expenditure has increased from 18% to 57% as a percentage of exports, and the share of energy produced from oil sources has increased from about 16% to over 35%, rendering the economy more vulnerable to external shocks originating in the world oil market.
The oil sector is of much importance to government from many dimensions. The performance of the energy sector critically affects Pakistan's macroeconomic performance and any external shocks relating to this sector have economy-wide repercussions. Its performance affects the pace of economic growth, and increasing oil prices create hardship for the consumers leading to political unrest and a backlash against the government. In consideration of equity and the unpalatable political consequences the government has been subsidizing the sector to a great extent. Volatility of oil prices is of major concern from the government's fiscal management perspective, as it can significantly affect the forecasts of oil imports and the subsidies built into the government budget. Pakistan's heavy dependence on imported oil for electricity generation renders it especially vulnerable to high and volatile oil prices, affecting its economy both at the macro and the micro level. The sharp increase in world oil prices over 2008-2010 period has been a major cause of large public sector deficits and a worsening balance of payments situation.
Following the oil price increase over the 2003-2012, the expenditure on oil imports increased fivefold. Pakistan's dependence on oil has increased to such an extent that even minor oil price increases have a substantial adverse impact on its macroeconomic performance. 
Oil Price Volatility
The yearly price per barrel of crude over the 1987-2013 period shows an upward secular rise but with wide fluctuations, as shown in Figure 1 . Table 2 Before hedging strategies can be evaluated, the time series properties of the spot and futures prices need to be examined. The prices of most commodities are typically generated by non-stationary stochastic processes, which creates an econometric problem since estimated parameters are unstable and can lead to spurious results (see Granger and Newbold [1974] ).
Therefore, a non-stationary series needs to be transformed into a stationary series before further analyzing and drawing inferences. The logic for requiring stationarity is that models inferred from stationary series are also stationary or stable. In general, a non-stationary series can be transformed into a stationary series by differencing. Tables 3a and 3b report the results of Augmented Dickey-Fuller (ADF) and PhillipsPerron (PP) tests for non-stationarity on the levels and first differences of the spot and futures price series. 2 The ADF and PP test results confirm that both spot and futures prices are nonstationary in levels but stationary in the first differences. Thus, the model must be constructed in terms of the stationary, first differenced variables.
2 The ADF test for any series X t is based on the regression: ∑ . If β is significant, the null hypothesis of non-stationarity is rejected. The ADF test accounts for for higher order serial correlation by modeling the series as an AR(p) process. The Phillips-Perron test is similar to the ADF test but uses a non-parametric robust correction for serial correlation. For details, see Diebold (2000) . 
Hedging Strategy
The bulk of international trade in crude oil takes pace in light to medium grades (API gravity of 30 to 40). The composition of the Pakistan's crude oil imports is quite different from the commodities underlying the NYMEX futures contacts. If the quality of the spot (cash) commodity is identical to the quality of the commodity specified in the futures contract, the usual recommendation is to hedge all of the quantity to be transacted since the spot and futures prices in this case tend to be perfectly correlated. Since the quality of Pakistan's crude imports is not identical to the WTI crude, a naïve hedge strategy is not advised. Hence, the effectiveness of cross-hedging Pakistan petroleum imports by using the WTI futures contract needs to be determined. Since, a cross-hedging strategy would necessitate closing futures contracts before the delivery dates there will be some divergence in the futures prices and the spot prices at the delivery date resulting in the basis risk which needs to be evaluated.
In general, the higher the correlation between spot and futures prices, measured as the Rsquare (R 2 ), the more effective is the hedge. Hedging effectiveness is measured by R 2 and the basis risk by 1-R 2 . Table 3c reports the results of a regression of spot price changes on four 3 Some other exchanges that trade crude oil and petroleum futures are the IPE (International Petroleum Exchange), SIMEX (Singapore International Monetary Exchange) and ROEFEX (Rotterdam Exchange). Liquidity is however highest in the NYMEX. Besides, DME Oman Crude Oil Futures Contract (OQD) was launched by the Dubai Mercantile Exchange (DME) in June 2007 which trades on the CME Globex.
futures contracts available on the NYMEX, one for the nearby month and three with delivery in following second third and the fourth month. As the table shows, the R 2 lies between 0.88 and 0.90 and the basis risk ranges from 0.12 to 0.10. This indicates that Pakistan's crude imports can be effectively cross-hedged using the WTI futures contract.
A Framework for Hedging
In this section, a simple framework is presented for placing the hedge and determining the optimum proportions of un-hedged (spot) and hedged (futures) output. 4 Taking the point of view of an oil importer, we consider only the use of a ‗long-hedge' (i.e., the hedger buys futures contracts) to insure against price increases. In a long hedge, a short position in the spot market (Q s < 0) is offset by a long position in the futures market (n > 0). At the initial time the hedger knows the spot and the futures current prices, P s0 and P f 0 but their one period ahead prices, P s1
and P i1 , are unknown and are thus random variables. The expected (dollar) cost on the portfolio (EC) can then be represented as:
Where, Qs = Quantity needed to be purchased E[P s1 -P s0 ] = Expected change in the spot price from time 0 to 1 n = Number of futures contracts to be bought Q f = Notional value of one futures contract E[P f1 -P f0 ] = ∆P f = Expected change in the futures price from time period 0 to 1.
Dividing (1) throughout by Q s yields the expected dollar cost on the portfolio per spot unit (EC/Qs = EC p ) for a long hedger as: EC p = ∆P s -h∆P f
The ratio h = (nQ f /Q s ), is defined as the hedge ratio-the percentage of the spot or cash position that is hedged in the futures market.
If each unit in the spot market is hedged with a unit of futures, then h = 1 (termed as the naïve hedge), the portfolio is completely hedged. If there is no hedging, h = 0, then gains/losses in the value of the portfolio are simply equal to the change in the value of the spot position. The risk of the portfolio measured as the variance of portfolio values (Var p ) in (2) is given as:
Where Var(∆P s ) and Var(∆P f ) are the variance of spot price changes and futures price changes and cov((∆P s ,∆P f ) = covariance between spot price changes and futures price changes.
Following the mean-variance model (attributed to Markowitz [1959] ), the optimal hedge ratio that maximizes expected utility for infinite degree of risk aversion also minimizes portfolio variance, is:
The h*, the risk-minimizing hedge ratio, thus equals the slope coefficient of an Ordinary
Least Squares (OLS) regression of spot price changes (dependent variable) on futures price changes (independent variable).
Since the contracts on NYMEX expire on 25 th of the delivery month and stop trading three trading days before, we assume that positions are opened on the 26th of each month and closed on the 20th of the next month. There is a loss (gain) on the spot price equal to S 1 -S 0 , but a gain (loss) on the bought futures equal to F 1 -F 0 ; which are added to get the portfolio gain or loss as per equation (3): P S1 -P S0 -h(P f1 -P f0 ). Hedge ratios for the year (t), h * t are computed using three years' data prior to the year of hedge. The h*, the risk-minimizing hedge ratio equals the slope coefficient of an Ordinary Least Squares (OLS) regression of spot price changes (dependent variable) on futures price changes (independent variable). The 1990 hedge ratio is estimated using data from January 1987 to December 1989. Thus, the hedge ratios are estimated using information available only up to the year in which the hedge is placed. We compute the gains/loss on the hedged portfolios using four different nearby futures contracts, i.e., one, two, three and four months ahead of the month in which the hedge is placed. The issue to be determined is, if the country is better off not hedging as compared to some hedging. 5 The mean-variance model implicitly assumes that the hedger has a quadratic utility function, or that the returns are normally distributed Table 4 reports ex-ante (before the resolution of uncertainty) risk minimizing hedge ratios and contrasts the performance of unhedged portfolio with four ex-ante hedged portfolios for each year over 1990-2013. [ Table 4 : Performance of Hedged and Unhedged Portfolios (1990 Portfolios ( -2013 ] Table 4 shows that in all hedges, except one in 1996 employing one month futures contract, the variance of the unhedged position exceeded the variance of the ex-ante hedged position. The benefits through risk reduction from the ex-ante hedges range from a reduction in risk of 98 per cent for the 2010 (four month futures) hedge to 27 per cent for the 2004 (four month futures) hedge, ignoring the 1996 hedge using one month futures contract. The results indicate that there could be substantial risk reduction benefits from hedging Pakistan's oil imports. For the 1996 hedge, a strategy employing one month futures contract would have actually led to an increase rather than a decrease in portfolio variance. This result simply underscores the fact that the expected benefits from ex-ante hedges based on hedge ratios estimated from the historical data may not actually materialize because of the basis risk.
Taking a hedged position carries an opportunity cost in terms of foregone returns or increase in costs. Whether the hedger considers these incremental costs acceptable or not depends upon the hedger's degree of risk aversion. As an illustration, the portfolio returns and variances for hedge (h) ratios between 0 and 1 are calculated for the year 2012 and reported in Table 5 . These are also graphed in Figure 2 which is in the familiar mean-standard deviation space and draws the portfolio opportunity frontier, showing the return and risk trade-offs from hedging Pakistan's oil imports. When the portfolio is unhedged (h = 0) we observe the highest return (0.53) and the highest risk (standard deviation, 7.37). The minimum risk portfolio corresponds to the Point M with an associated (dollar) return of -0.23 (US $/barrel) and a standard deviation of US $/barrel of 2.85. For the hedge ratios ranging between 0 and 0.83, portfolios carry lower risk but also lower return. We can ignore the portfolios lying on the negatively sloped portion of the opportunity set as these portfolios are inefficient; for the same level of risk, the portfolios on the positively sloped segment is dominant as it yield a higher return.
[ These cost elasticities are reported in the last column of Table 5 and range between 0.98 and 2.27, with larger values implying higher costs of risk reduction. The cost associated with the minimum-variance portfolios are: 1.64, 1.72, 1.68, and 1.58 respectively for one to four month futures contracts respectively. For the one month contract, for example, cost elasticity of 1.64
implies that a 1 per cent reduction in risk will result in a 1.64 per cent reduction in return. The hedger would need to make a judgment if this is an acceptable cost for achieving risk reduction or it would depends upon the hedger's degree of risk aversion.
Summary and Conclusions
In this paper we investigate the prospects of reducing oil price risk for Pakistan's oil imports through hedging in the oil futures market. We simulate ex-ante cross hedges for 1990-2013 and find that in all but one cases, ex-ante hedging were effective in reducing price risk. The the benefits and costs of hedging. We hope that this paper advances such awareness.
